UNCLASSIFIED 


AD  NUMBER 

AD400768 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release^  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Foreign 
Government  Information;  DEC  1961.  Other 
requests  shall  be  referred  to  US  Library 
of  Congress^  Attn:  Aerospace  Technology 
Division^  Washington^  DC. 

AUTHORITY 

ATD  Itr,  2  Dec  1965 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAl  INFOfiMATION 


CAMEROM  STATION.  AIERANDRIA,  VtROINIA 


HOTICI:  When  govmMnt  or  otber  dnwlagg,  ■p«ei> 
fleatioDB  or  othar  data  art  uaad  for  any  puxfOM 
othar  than  In  connaction  with  a  daflnitaly  ralatad 
gorarsMtnt  proeuraaant  oparation,  tbe  U.  8. 
OoTamaant  theraty  Incurs  no  rasponsitl'*  Ity,  nor  any 
obligation  iftiatsoevar}  and  tbs  fact  that  ths  Oovani* 
■ant  aay  hava  fozaulatad,  fhmlahad,  or  In  any  aay 
auppUad  the  said  drawings,  spaclfloatlonai  or  other 
data  la  not  to  ha  regarded  hy  iapUeatlon  or  othar> 
visa  as  In  any  sauinar  licensing  the  holder  or  any 
other  parson  or  corporation,  or  conveying  any  rii^ta 
or  parsdsalon  to  ■anufactura,  use  or  sail  any 
patented  Invention  that  nay  In  any  vay  he  ralatad 
thereto. 


400  't>'  o  8 

AUTHOR:  HaU,  Kuang-chih  {1776/1684/2535) 


li 


c/005/ 61/000/010/001/004 
F031/F003 


TITLE:  Applications  of  nuclear  quadrupole  resonance  in  solid  state  chennistry 

PERIODICAL:  Hua  Hsileh  T*ung  Pao,  no.  10,  1961,  1-8 


TEXT:  The  nuclear  quadrupole  resonance  spectrum  was  discovered  by  Dehmelt 

and  KrUger  in  1949  and  is  used  in  solid  state  physics  and  structure  chemistry*  Nu¬ 
clear  quadrupole  resonance  was  developed  based  on  the  following  principles:  (1)  The 
electrotnagnetic  characteristics  cf  atomic  nuclei.  Nuclei  possess  the  characteristic 
of  self-s^in.  Wli.:-"  *^he  nelf-spin  I  >0,  a  nuclear  magnetic  moment /<  is  develop.  2, 
When  1  electric  quadrupole  moment  is  developed.  The  ir  •^’^ent  Q  induced  by 

the  nonspherical  symmetrical  distribution  pofl\Lye  charges  in  atomic  nuclei  is  ex¬ 
pressed  by  the  following  equation: 

Qa-i-  r){3  CDS^6^  -  l)r2dT 
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=  z(3z2  -  r2)^^ 
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*  density  of  nuclear  electronic  charge,  ra  distance  from  mass  ceinter 
to  volumetric  element  dT  ,  *  angle  between  r  and  the  self-spin  axis,  z  a  <itomic 

y'uiTiber.  For  elliptical  distribution 

3  Q  a z(r2  -  a‘^)  a  _®_  zR2<£  (2) 

vhb.re  6  w  ^  ellipse  factor,  R  »  S\.^  (2)  Energy  levels  and  the  corres- 


pondir-.g  energy  of  Q  in  an  inhomogeneous  electric  field.  In  an  axially  symmetric 


fi^-ld  energy 


■f 


2Mf  -1(1+1 


II 


(3) 


/ 
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whc.ri5  q  m  electric  field  gradient  at  the  nucleus,  cqQ  »  the  coupling  constant  of  ruc’/var 
quadtupole  moment  and  M]^  a  I,  I  -  1,  ..  .  ,  -I  -  1,  -I.  If  the  induced  frequency  y  in 
inhomogeheoMs  field  satisfies  the  condition 


h  L/  a  AE  «  C 


qcjj 


41(21  -  1). 


[2|mJ  -  l]  (4) 
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transitions  from  one  energy  state  to  another  will  occur.  If  the  energy  8tat*s  jumps 
to  a  higher  level,  it  results  in  the  production  of  nuclear  quadrupole  resonances. 

(B)  Zeeman  splitting  theory.  The  introduction  of  an  external  magnetic  field  will 
lead  to  further  splitting  of  the  energy  levels.  The  process  is  called  Zeeman  splitting. 
For  simplicity,  the  energy  of  interaction  of  an  axially  symmetric  quadrupole  with  an 
axially  symmetric  electric  field  gradient  is  expressed  by 

The  magnetic  field  in  which  Zeeman  splitting  takes  place  is  around  10^  gauss  whlh  a 
corresponding  increase  in  frequency  of  10^  kc/sec.  The  frequency  which  satisfice 
-Am  S3  1  at  M  and  t  M  t  {M  +  1)  is  given  as 


CO 


-  {2|m|  +  1)  t  r.Hcos  fi- 


27C 


41(1-1) 
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(4)  Factors  affecting  the  spectral  line  width  of  the  nuclear  quadrupole  resonance 
trum  are:  (IJ  Static  factors.  The  function  of  adjacent  dipoles  between  reaona^'-e 
clei  ar.d  nonresonanc^j  nuclei  will  cause  splitting  in  the  resonance  spectra  and  wil' 
also  induce  self  ' spin  resulting  in  further  fine  splitting.  Internal  strain  ar^d  misalign^ 
ment  of  the  sampUs  and  imperfection  in  the  crystal  lattice  will  also  increase  th^ 
width  of  spectral  lines.  (2)  Kinetic  factors.  Molecular  torsion  and  rotation  arc  tVe 
principal  causes.  Th^  movement  is  the  result  of  an  interelectronic  function 
adjace^^t  mol^.^vles  and  can  be  estimated  by  means  of  an  infrared  detector  and  a  Roma* 
sp‘  .i.m»  Moli^cnlar  rotation  will  change  the  electric  fie.d  gradient  as  expressed  Vy 
th^  following  eq^iatior:  q‘  a  q  (  ^  ^  ^  which  in  turn  will  affect  the  ^ 

fey  tfee  amoimt  ^  CO^  (.3  cosV-  1  ^  ofetain^.d  from  th-i 

resonance  frequent  y-temperatur©  curve.  The  installation  for  observation  of  ru-.K-ar 
quadrupole  resonance  spectra  is  similar  to  the  equipment  set  up  for  nuc-ca"**  mag^' 
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resonance  observations  with  the  exception  that  a  crystal  field  within  a  solid  sampl' 
replaces  the  external  magnetic  field.  The  basic  requirement  is  to  regulate  fre.qu  .ncy 
rhanges  and  to  record  the  resonance  signals.  The  frequency  ranges  from  a  ft  a  kc 
to  1000  kc,  App.lication£  if  the  nuclear  quadrupole  resonance  spectra  arc:  (1)  A*;  a 
method  of  crystal  analysis.  Bray's  papers  point  out  that  difference  resonance  spectra 
v/ill  sho’A  the  existence  of  "unbalanced"  atoms  distributed  in  different  parts  of  a  ''ryp*- 
tal  having  varying  electric  field  gradients.  (2)  As  a  method  of  ascertaining  H  bond 
formation  in  solids.  Harry's  experiment  on  showed  that  the  nuclear  quadrupole 

resonance  spectra  can  be  used  to  determine  the  formation  of  H  bonds  in  compou^d^ . 

(3J  As  a  method  of  studying  phase  changes  in.  solids.  The  processes  of  phase  rhang ' 
i.n  so.lid?^  ckn  ba  dt^termined  by  the  temperature  change  of  th©  nuclear  quadrupol'* 
sp^  ct* a.  (4)  As  a  method  of  deter ming  the  ratios  of  nuclear  quadrupole  mom^rte  at 
diffe.rtnt  isotop#=.  effects.  The  relation  between  resonance  frequencif, s  is  ^  :u3va>  ^^ 
to  the  ratio  of  the  nuclear  quadrupole  moments  at  different  isotopic  values.  (^]i  A^ 
a  method  of  studying  the  effects  of  radiation  on  matter.  When  solid  matter  is 
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po^-fed  to  high  energy  ^adiatio^s,  changes  v/ill  be  induced  in  the  e^^ctrons,  '^adi- 

*  and  u.n<'ta>Ie  mol© riles  resulting  in  the  wide.ning  of  r^9crar.c<.  «pect.^a.l  liri  =•. 
According  to  Monfils,  the  relationship  satisfies  the  following  equation: 


T  /  "T 


txp'"  ' 


h  *e  Iq  and  ...  an  in^ensitii^s  of  resonance  sp?jc^ra  respectively  before  and  * 
'adiation,  c  -  th(^  concentration  of  impurities,  and  -  th  >  volumetric  pa-am^t  ^ 

:^  v.!.ativ^>  to  the  amount  of  impurities,  [t)  As  a  method  of  £1;^ dying  the  r'^ar a'* ^ ‘  i •/! 
of  eh -mi  cal  bonds.  Sine©  thw  electric  fiuld  gradient  can  bt  calculated  by  the  cou.r’:''g 
cons  tar  t  a*  d  as  ymme  t  c  al  pa  r  ame  te  ^  s  of  th  ©  nu  cle  a  r  qu  ad  t  u.p  oI  e  r  ®;  o  nan^  e  un.d  r  * 
g  i  V  w  ^  on di tion  s ,  the  di,  s  t r  i bn  t ion  of  e  1  e  c t  ^  on i  cha  r  g  -c  s  and  th^-  cb  a  r  a '*.  ©  r  i  s  ti  ;  •  of 
chemical  bonds  within  the  mo!L::ul©s  can  also  b©  determined.  The  trans’t-o-^  na 
lent  ele^t-nop,  to  q  in  atoms  i«  shown  as  follows: 
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where  ~  the.  wave  function  of  no.  1  p  electron;  r^,  apd^j^  -  polar  coordixiates  of 
no.  1  p  electron.  The  q  value  at  atomic  nucleus  is  determined  by  the  degree  of  ioni  a- 
tion,  the  degree  of  heterogeneity ,  and  duplication  of  bend  formation,  (7)  As  a. meth  id 
of  measuring  internal  stress  of  high  polymers  during  processing  operation.  In  1960 
Gutowsky  successfully  applied  the  nuclear  quadrupole  resonance  method  in  measuring 
the  internal  stress  of  resins  during  vulcanization.  Test  results  showed  that  this 
method  excelled  the  optical  and  strain  resistance  methods.  At  present  nuclear  qua ^ 
drupole  resonance  spectrum  is  confined  to  the  study  of  solids.  According  to  Sterzer 
and  Beers,  the  method  is  also  applicable  to  the  study  of  highly  viscous  liquids.  Th  i 
article  was  written  with  the  assistance  of  Professors  T'ang  Yu-ch'i  (0781/2589/438 
and  Chien  Jen-yilan  (6929/0086/0337).  There  are  8  figures  and  10  tables.  English 
language  references  are:  T.  P.  Das,  E.  I.  Haha,  "Nuclear  Quadrupole  Resonance 
Spectroscopy"  1958;  F.  Sterzer  and  Y.  Beers,  Phys.  Rev.,  100,  1174  (1955); 

H.  S.  Gutowsky,  J,  Polymer.  Sci.  ,  143,  143  (I960);  P.  h.  Bray,  Bull.  Am.er. 

Phys.  .  1  (2),  323  (19'56). 


